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HYDRODYNAMIC PRESSURE DISTRIBII1’IONSOBIMINED DURING

A PLANING INVESTIGATION OF FIVE

RELATED PRISMATIC SURFACES

By Walter J. Kapryan snd George M. Wyd, Jr.

..-

SWM.ARY

Pressure-distribution surveys have been m&de for five related pris-
matic surfaces, having angles of dead rise of 0°, 20° with and without
horizontal chine flare, and kOO with and without horizontal chine flare,
as psrt of general research on planing surfaces. Pressure distributions,
which gave integrated lMts to well within 10 percent of the applied
load, were obtained during pure planing and are presented for wetted-
length-besm ratios ranging from approximately 0.5 to ~, trims from &o
to ~“, and beam loadings from approximately 2.8 to 38.

The results substantiate the use of the normal-load coefficient as
the key parameter in predicting flat-plate center-line pressures. The
results further show that flat-plate pressure distributions can be sile-
quately predicted from existing theories. The reduction in pressure
accompanying an increase‘inangle of dead rise is about as would be expected
on the basis.of pretious force measurements. The addition of horizontal
chine flsre increases the pressure near the chines and extends the region
of positive pressures”further forward of the stagnation point in the vicin-
ity of the chines. Existing theories me in poor agreement with the exper-
imental pressure distributions obtafi~-dfor surfaces hwd.ng dead rise.
The lift and centers of pressure we in good agreement with recent exper-
imental and theoretical NACA.research on planing surfaces.

INTRODUCTION

A pressure-distribution survey was undertaken by the National
Adtisory Committee for Aeronautics as part of a general program of
resesrch on the plardng characteristics of a series of related prismatic
surfaces. The principal objective of this program was to extend the
rahge of experimental data on planing surfaces to cover the high trim
and loading conditions of importance
based aircraft. The details of this
snd the results of the initial.phase

in the design of high-speed water-
progrsm are described in reference
of the investigation are presented
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in references 1 to ~.
L

During the initial phase, force measurements were
obtained for seven models incorporating angles of dead rise of Oo, 20°,
and ~“, and 20° snd @o with horizontal chine flare ad with vertical a
chine strips.

The primary purpose of this paper is to present pressure distribu-
tions for the aforementionedmodels (excepting the two with vertical
chine strips) at conditions representative of the range of trhs, lift
coefficients, and wetted lengths of references 1 to 5. Wetted lengths
ranged from approximately O.~ to 5 beams, trims ranged from ho”to no,
and beam loadings ranged from approximately 2.8 to 38. Inas~~ch aa the
force tests of references 1 to ~ established the primary dependence of
the planing characteristics on trim and lift coefficient, it was possible
to expedite the ~resent tests by limiting the number of speeds at,which
pressure measurements were msde. For the most psrt, data were obtained
at a speed of k(lfeet per second with a few supplementary runs to deter-
mine the effect, if any, of change in speed on these distributions. The
experimental pressures and force data obtained from these tests are pre-
sented in tables I to V. Typical distributions are presented and com-
pared with
transverse

those calculated on the basis of existi~-longitudinal and
pressure-distributiontheories.

beam

lift

lift

Slih’sms

of pleming surface, 0.333 ft

A ~ CA ●

coefficient based on square of bean, — = —
$V@# + *

Y

A % “
coefficient based on principal wetted area, — = —

: v% Z~b

()cNs c

%
center-line normal-load coefficient,

0.95 Cos T

% speed coefficient or Froude nuniber,
/v@’

CA load coefficient or besm loading, A/w$



.

draft of orifice with respect tk undisturbed water level, ft

acceleration due to gravity, 32.2 ft/sec2

length of pl.ming surface, ft

chine wetted length, ft

length along chine to stagnation point, ft

keel wetted length, ft

length along keel to stagnation point, ft s

mean wetted len@h, ft

center-of-pressure location (measured along keel forward of
trailing edge), ft

measured dynsmic pressure at orifice (does not include static
displacement), lb/sq ft

total pressure at orifice, lb/sq ft

@mmic pressure based on towing-csrriage velocity, ~V2,

lb/sq ft

nondimensional pressure ratio

principal wetted area (bounded by trailing edge, chines, and
heavy spray line) projected on plane perdd.el to keel, Zmb,
Sq ft

horizontal

density of

density of

density of

velocity, ft/sec

tank water, 63.4 lb/cu”ft

mercury, lb/cu ft

freshwater, 62.4 lb/cu ft

displacement of mercury column with respect to free surface
of mercury in reservoir, ft

distance from undisturbed water level to mercury reference
level, ft



NACA TN 34774’

P angle of dead rise, deg

A vertical load, lb

P mass density of tank water, 1.969 slugs/cu ft

-r trim, deg

A distance forward of trailing edge of model, beams

I
A Ap ratio of distance forward of trailing edge with respect to

distance from trailing edge to stagnation point

Subscripts:

( )f denotes data obtained during

( )p denotes data obtained during

DIWIUPTION OF

force tests

pressure tests

MODELS

The cross sections of the models end pertinent dimensions are pre-
sented in figure 1. The models, which were constructed of plexiglas,
were rectangular in plan form and had a length of 36 inches and a beam
of ~ inches. Models 303, nl, and 302 were simple prismatic surfaces
having angles of dead rise o? 0°, 20°, ~d @o, resPectivel-Y”Models ~1-A
and 5Q2-A had horizontally flsred chines with basic angles of deed rise

s

of 200 and @o, respectively. Shsrp chines and keels were maintained
throughout these tests. Each model had a total.of 100 orifices, l/32 of :
an inch in diameter, drilled perpendictisr to the bottom surface. Special
c=e was taken .toinsure clean and shsrp orifice edgesl since preparatory
experimentation by the authors and the results of the investigation

.

reported in reference 6 established the need for such orifices for accurate
pressue measurements. The general arrangement of these orifices is shown
in figuxes 1 and 2. The orifices were arranged along three major buttocks,
one of which was 0.1 inch outboard of the model center line, another was
0.1 inch inboard of the chine, while the third was located midway between
model center line and chine. A few auxiliary orifices were placed in
buttocks midway between the major buttocks. In order to define the pres-
sures as near the trailing edge as possible, five orifices were located
in the aforementionedbuttocks 0.1 inch forward of the trailing edge.
All orifices can be located by means of the scale at the bottom of fig-
ure 2.
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APPARNIW AND FROCmm

The investigation waa conducted in Langley tank no. 1. The appsratus
for towing the model and the instrumentation for the force measurements
we described in reference 7. The models were towed at fixed predeter-
mined trims, loads, and speeds, and were free to rise. The wetted areas
were determined from underwater photographs in the manner described in
reference 1 and from visual readings of the wetted length where photo-
graphs were not available. The wetted lengths ranged from approximately
to 5 beams, trims ranged from 4° to no, smd beam loadings ranged from
approximately 2.8 to 38. Most of the data were obtained at a speed of

0.5

40 feet per second. A few runs were made at vsriofi other spee&,ranging
from approximately 22 to ~ feet per second to determine the effect, if
any) of change in speed on the distributions.

The pressures were mkasured with a bank of mercury-water manometers
connected to lCXlorifices on each model and ‘wre photographically recorded.
A disgrsm of the manometer system used to measure the pressures is shown
in figure 3. In this particular system the lines leading from the ori-
fices to the mercury columns at the manometer board were completdy filled
with water so that the pressure at the orifice was transmitted to the
mercury without any compressibility errors and tith minimum the lag.
The dynsmic pressure at the orifice is defined by the followhg equation:

P=”zw’ +Y(w~-w’)

where the total pressure is defined by

P’ =p+dw

In hew of the range of trims and wetted lengths under investigation, a
wide range of pressures defining the distributions was anticipated. ~
order, therefore, to obtain the maximum manometer deflections for the
particular condition being tested, the board was provided with a means
for vsrying its angle of inclination. For the present tests the manometer-
bosrd angle was varied from approximately 15° to 4P from the horizontal.
The manometer deflections were recorded photographically after they became
stshilized on the bosrd. A photograph of a typical distribution is pre-
sented as figure 4.

The aerodynamic
arrangement used for

tsres were held to
the investigations

a minimumby the windshiel.ding
described in references 1 to 5.
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the

PRECJSION
b

.

The quantities measured ere generally believed to be accurate within
following limits:

Load, lb . . .
Wetted length,
Trim, deg. . .
Speed, ft/sec

. . . . . . . . . . . . . . . . . . . . . . . . . ti. y)
i-n.. . . . . . . . . . . . . . . . . . . . . . . S.25
. . . . . . ..”.. . . . . . . . . . . . . . . . 4s3.10
. . . . . . . . . . . . . . . . . . . . . . . . . 40.20

The pressure readings sre believe&to be accurate to within ti.05 inch
along the manometer board. Since, however, the manometer board angle was
varied throughout the tests, the accuracy of the pressure reading in pounds
per square inch was a function of that sngle and varied from iO.01 pound
per squere inch for a manometer board angle of 150 to *0.018 pound per
square inch for a manometer board angle of 4%. The resulting pressure
distributions gave integrated lifts that in almost every case were well
within 10 percent of the applied lo~.

RESULTS AND DISCUSSION

The data for sll models sre presented in tables I to V. The load,
speed, wetted lengths, and center-of-pressure location sre expressed as .
conventional hydrodynamic coefficients. The lift coefficients are
expressed both in terms of the square of the besm and in terms of the
principal wetted area. The pressures ere presented in the form of the r
ratio p/q, where q is the dynamic pressure based on the speed of the
towing csrrisge. The center-of-pressm-evalues were obtained by inte-
grating the pressure-distribution curves and therefore do not incltie t

the effect of friction. This effect for the conditions tested, however,
is generally slight so that the values obtained should be in reasonable .
agreement with those determined from force measurements.

A few general”comparisons are made of the experimental “presstie
distributions with those calculated from existing theories. A method
based on potential flow is presented in reference 8 for computing trans-
verse distributions when the chines sre’immersed; in reference 9, ah
expanding lamdna and spray-root analysis sre the basis for predicting
transverse distribtiions when the chines are not imnersed. Smiley, in
reference 10,-presents a semiergpiricalmethod, based on the center-line
normal-load coefficient, for applying Wsgner’s two-dimensional flat-plate
theory to define longitudinal center-line distributions. The center-line
normal-load coefficient is discussed in some detail in reference 10, smd
the use of this coefficient is suggested as the basis for msking qyantl-
tative compsxisons between experiment- and theoretical pressure
distributions.

8

.—-—



1

Pressure Distributions on the Flat Plate

. Representative pressure distributions for the flat plate sre pre-
sented.in figures ~ to ~. The distributions obtained a-ta trim of 6°
are shown in figure 5 for the wetted-length-beam ratios of 1.07, 2.~,
and 5.07. ~ each instance the experhental. pressures measured along
the buttock 0.1 inch outboard of the model center Hne are presented in
the upper half of the figure as center-line pressures (they differ from
the faired center-line pressures by a negligible snmunt) and me compsmd
with curves calculated by the procedure proposed in reference 10. The
agreement between experiment and theory-is seen to be good.

The lower halves of figures 5(a), 5(b), end 5(c) present the exper-
imental pressures abng vsrious trsmsverke sections, together with cal-
culated curves based on the chine-immersed transverse theory of refer-
ence 8. Equations (41) of reference 8 permit the calculation of p/P=,

where p is the pressure at smy given point of the transverse distribu-
tion end & is the center-line pressure. Plots of p&& against

x/b, where x is the transverse distance from the center line to the
point in question and b is the -1 besra,were constructed. These
plots, together with the center-line pressures calculated by the method
of reference 10, formed the basis for the construction of the chine-
immersed transverse distributions presented in this repx%. ~ figure 5
good overaU agreement iS se= to dst in the distribution from center
Me to chine.

Figures 6 and 7 present experimental and calculated results for

L trims of 1P snd X“. For these trims the agreement between experiment
and theory is generally comparable with that of the 60 conditions,
although the experhental pressures in the vicinity of the stagnation

> point are seen to be lower than those predicted by theory. Since, how-
ever, the pressures were measured by means of an orifice-~ometer system
coupled with a slightly fluctuating nmdel wetted length, this result was.
not entirely unexpected. For the case of steady-state planing, these
pesk pressures sre largely a matter of academic rather than of practical
interest and generally have little effect on the overall lift.

Although the bulk of the pressure data presented herein wss obtained
at a speed of @ feet per second, a few runs were made at different speeti
but at the sane lift coefficient to determine whether differences in speed
would affect the pressure data. Two such check runs were made with the
flat plate at a trim of @ and are compered in figure 8. These con-
ditions represent a ~t coefficient ~b of aPProximate~ 0.%6. ~

k
one case the load equaled 64.5 pounds at a velocity of 40 feet per second;
for the other, the applied load WSE 20 pounds at a velocity of 22.4 feet
per second. Although there is some scatter, the resulting curves sre

. seen to be in good ~eement with each other and with the calculated
pressures.
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The absence of a speed effect is perhaps more forcefully illustrated
8

by figure 9, which compares

7!

co ditions at approximately the ssme center-
line normal-load coefficient % but at two different trims, wetted . ‘

Sc

lengths, and speeds. One conditio~ is at a trim of 60, Z/b = 0.45,
and V= 40 fps (Cv = 12.20), whereas the other condition is at a trim

of 12°, Z/b = 2.62, and V= 22.4 fps (c’v= 6.83). For these COnM,-

tions
()
Qs c averages 0.16. The agreement of these conditions between

themselves smd with theory is excellent and, together with the curves of
figures 5 to 7, substantiates the use of the normal-load coefficient as
the key parameter in predicting center-line pressures for the flat plate. ,
The generally good agreement between the flat-plate theories and the
experimental results permits the confident use of these theories together
with planing data or planing theory (for example, ref. U) to predict
flat-plate pressure distributions, at least throughout the planing rsnge
of the present investigation.

Pressure Distributions on V-Shaped Surfaces

Without chine flsre.- Representatlve pressure distributions for the
200 and 400angle-of-tid-rise surfaces are presented in figures 10
smd U, respectively. In the upper part of each figure, the center-line
pressures, which were obtained from transverse fairings of the experi-
mental data, are presented ad compared with calculated center-line or
keel pressures. Two methods for calculating these distributions were
uged, both of which represent Smiley’s (ref. 10) semiempirical applica-
tion of Wagner’s two-di~nsional flat-plate theory, wherein the trim and
wetted length for the particular condition being investigated sre used
to determine a normal-load coefficient. In one case the normal-load
coefficient is derived from flat-plate lift curves. As can be seen, this
procedure results in the prediction of excessive,pressures. In the other
case the experimental lift curves for the particular deed-rise angle
being investigated were used to det~rdnethe normal-load coefficients
from which the calculated curves.were defined. This procedure results
in generally underest&ating the center-line pressures. In either case,
the’calculated distributions me not in goad agreement with the experi-
mental distributions.

The lower halves of figures 10 and 11.present e@erimental trans-
verse distributions and compare them wtth those calculated by methods
presented in reference.8 for the chine-irmnersedcase (the center-line
pressures match those calculat6dfrom flat-plate lift curves) and by
the methods of reference 9 for the portion .ofthe wetted area where the
chines we not immersed. In order to apply the theory of reference 9“
to plani~.at practical trims, an effective dead-rise sngle was derived.
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(See eq. (24), ref. 12.) Since the theory is limited to “small” dead-
rise angles, with 45° suggested as the upper limit, the comparisons made
herein sre confined to conditions where the effective dead-rise angle @
Iess,than 45°. In most cases, the calculated curves of figures 10 and U.
are in poor agreement with expertient.

The reduction in pressure tith increase in angle of dead rise is
about as expected from the results of previous force measurements, where
it was shown that the 40° angle-of-deed-rise surface developed approxi-
mately X percent less lift than the 20° angle-of-deed-rise surface. In “
general, the longitudinal smd transverse distributions luwe similar shape.
The most significant difference appesz?sto be a general reduction of pres-
sure along the longitudinal distributions as the angle of dead rise is
increased. This effect is shown in figure 12, wherein distributions
obtained with the flat plate, the 200, and the 40° angle-of-dead-rise sur-
faces sre compared at a trim of l&’ and a mean wetted,length of approxi-
mately 1 beam.

The location of the stagnation line (line of peak pressures) from
keel to chine was determined from the pressure measurements. Although
the actual peak pressures defining the stagnation line were not obtained,
the stagnation line could be located with a fair degree of accuracy
because of the close spacing of the orifices along the hull bottom. The
stagnation-line location was in good agreement with the location based
on tuft studies using a model having an 8-inch beam and a dead-rise
angle of 20°. Ty_picsLunderwater photographs of the model with tufts
are shown in figure 13. Csreful inspection of these photographs enables
fairly close approximation of the location of the stagnation line in
each instance. Curves defining the variation with trim of the difference
between the lengths along the keel and chine to the sta~ation point are
shown in figure 14 for the dead-rise angles of 20° and 40°. Curves pre-
dicted on the basis of reference 12 are also included. It is apparent
that, although the trends sre the ~ame, the theory predicts larger keel-
to-chine variations than were found experimentally.

With chine flsre.- In figures 15 and 16 transverse distributions
obtained with the models hating horizontal chine flare sre compsred with
those obtained with the unflared mdels. The comparisons were made at
representative trims for conditions where the wetted lengths along the
keel were the same. In general, the transverse distributions for the
models with and without chine flare me similsx in shape, except that,
in the ticinity of the chines, the flared models generally have signi-
ficantly higher pressures. This difference would be expected, inasmuch
as the lift for a given wetted length is increased when chine flsre is
used (ref. 5) since the flue effectively reduces the angle of dead rise
at the chines. The differences due to chine flare cm probably best be
illustrated with longitudinal distributions along the clrlnebuttocks as
shown in figure 17. The region of positive pressure for the flsred sur-
face extends farther forward of the stagnation point than is the case for
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the unflared surface. This, too, is largely due to the lower effective
dead-rise angle that results when chine flare is introduced and is also
believed to be due, to some extent, to the downward deflection imparted
to the water just forward of the stagnation line (where the flow over
the surface is primarily lateral) as it travels from keel to chine.

Additional Comparisons

In figure 18 the lift coefficients obtained by integration of the
pressure distributions are compared with those obtained from the force
measurements of references 1 to 5. Reasonable agreement is seen to
exist. In figure 19 the integrated lift coefficients for the flat plate
sre compsxed with the lift theory of Shufo&d (ref. 11). The agreement
here Indicates that Shuford’s equation can be used to predict the center-
line no--load coefficients without resorting to flat-plate lift curves.
In figures 20 and 21, the locations of the centers of pressure based on
pressure measurements also are compared with those obtained from the
force measurements of references 1 to 5 and those calculated on the basis
of reference 11, respectively. The general agreement here, too, is good.
It is felt that the quality of the overall agreement between the inte-
grated lift and center-of-pressuredata with those obtained from force
measurements strengthens the results obtained during both investigations;
thus these data can be used with confidence in predicting hydrodynamic
force characteristics during pure planing.

CONCLUDING RIWJUG

Experimental pressure distributions have been obtained for a series
of related planing surfaces having angles of dead rise ranging from 0°
to 400. In slmost every case the integrated lifts resulting from these
pressure distributions were well withinlo percent of the applied load..
The results substantiate the use of the normal-load coefficient as the
key parameter in predicting flat-plate center-line pressures. Comparison
of the experimental pressure distributions with those predicted by the
theories of Wagner, Korvin-Kroulcovsky,and Chabrow shows that flat-plate
pressures can be adequately predicted by these theories. The rei$uction
in pressure accompanying an increase in angle of dead rise is about as.would
be expected on the basis of previous force measurements. The chief effect
on the shape of the distribution as the dead-rise angle is increased
appears to be a general reduction of pressure along the longitudinal
distributions. When the dead-rise surfaces are mdified with the addi-
tion of horizontal chine flare, the primary effects on the distribution
sre the increase of pressure near the chines and the extension of the

t

region of positive pressures farther forward of the stagnation point in
the vicinity of the chines. On the basis of comparisons of the experi-
mental pressure distributions with those calculated from existing theories~

e
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it appears that the exist~ theories do not adequately predict pressures
for surfaces having dead rise.

The lift-coefficient and center-of-pressure data obtained ue in
good sgreement with recent experimental and theoretical NACA resesrch on
planing surfaces.

Lsngley Aeronautical Laboratory,
National Advisory Committee for Aeronautics,.

~eyFie~, Vs., June 13, 1955.

.
d

.
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Im312r TABKmD2L301

(ihuoitvofknk vmkr, 63.bl.b/aIft)

mm C* ~ : : ~ c=
Fremure pjq ator’Jflce mzc2er -

1 I 2 I 5 I 415 I 6171819 I lot 111 12

I T=u I
1 2.~ law o.& 0.68 o.q@ O.* O.cklo O.m% o.ou~ O.CQSO

2 4.9312.lT2.a 1.35.0662.* .m .0076.- .Om UE63 O.- 0.- 0.ol* o.o163o.= O.* O.olm

3 7.35=-q 4.9)3.15lox? .Ceiii.CcG2.0a9 .CKl&.W .O11oS&6 .Ooea.W .Co77sod .m21 .Cua

k 2.* U2.22 0.490.99O.&w 0.05360.0509O.oln

5 L6g 12.20.% .fa .ti30.0732 sum .O’YA

6 7.* uz~ 1.* l.= S@ .- .- .0156

7 0.3212.’xl2.36 1.67.W .&@ .cd3 .01D3

8 9.37Iaa 2.* L!J-( .W .*57 .CKk8.0c06

9 9.33u?.m 2.54 2.ca .- .** .0Y13.CQa

1013.42la 20 S.u 3.37l%% .0333.- Sal

T-P

M@

.m 0.0%-20.0M6

-W .W S&a 0.02%0.0%3own o.d424o.l@5o.o@5

.01k6.o135 .C??J1.cm-n.a?ll.= .Cau axo .Q5nO.cai

.0129.0U9 .Ol@ .OVL .0r12.01e3, .Ol@ .aa .~ .Ix?$o

.01?3.0109 .Om .C@2 .Olm .Olm .016a.a?17.* .0284

J.w76 -m -- -’W6 -w= .- .%= -- -ail .CJM

T-p

U 5.U 12.200J+5O.bkO.m o.@t o.o-f@o.ti~b.03@o.ci@

u ‘r.eaL-+.20-93 .67 -= .ti .m2zi.C!5w— .Om o-ln~O.* O.om

13lk.~IZ.23L~ L~ .l~ moo .- .o129.OlagAM-j -W3 -=W .W6 O.ctwro.@%0.0361o-w%0.C966

* 23.13lzm i.973.50.3109.- -.oc@ .00* .CK&2S@ .~ .C@2 .cm~ .~ .0125JX52 .0124.Ola

T-120

111
15 7.* 12.10.420.s .m .- O.*

M rL.yJ12. .05.@ .@6 .lM .C@5

l’r1.8.0213.a .92.@ .- .l@ .0y2

1021.1712. 2.* 1.57 .2W .E7tl -q

19IL& 9. 254 1.T .2m .U* .W

20 8.52T. 2.kl l.a .2860 .US7 -.Cdl

IO.1* .*1

.&8cl .@x

.O@ .ol~

-W95 -w

.W216 .C&$

.mm .Oox

&
24U.Y3 12.17O.* 0.41O.w O.* O.* O.lmz0.2591

251&62=26 La? .72 .*78 .24W .0331.2=%5.0%5

& ?4.931.2.2n2.5’5 1.65 .4.54 J&5 .- .m62 .CMf

).Cc@

.09-90.15330.- O.*2

-0339 .lkla .2W .C51’r

.032Q .C5?3 .&& .&* o.q16 0.03-M0.06$30.09C%O.lm

.Oln -0=23 .C@ .C@-12.Q?’f2.0322 .c421 .W .Cq68

-m -a .Oz& .033a .0% .m .IMO .@ .O-@3

.- .*2 .0542 .W .d@ .*25 .Cf@I .052q .0@5

.Co50 .Ol% .0B5 .o124 X0.% .0u?6 .& .- .-

.0u9 .-7 -U=5 -0=3 -Ox9 .Ux9 .0307 .032Q .Om

T-l&

).26%70.033.4

.IC$8 .m o.l&9 0.2?ZM0.23520.0193

.0%5 .0S27 .0S2’r.05% .Crn2 [.O’FaO-M!9X0.N5 .Mo



TABM~.-C+ntinwd

IMf31EY.!Axm lmFL301

(Ibnsitv& W water,63A @U ft) --

I ?’rwmraP/Qatm-lfiwnlaber-
b

t 1311kl151161171m tw I &o I 21 I &? I 23 I *125j261a

1

2 O.Cc@ O.e

3 .0L26 .O@j.0.02260.0139~o.0203o.olkE0.01480.01760.o198O.cwlo.C$34o.C@4

o.021’r0.0253o.r&80.03630.07310.C973o.M71.

T.6’J

TTo. CC32 mo.Oln?

.1%o.1

.@

.W

.0363

.0146—

—

.I.oa

.02m
—

.CWe’O.oaoo.09r/

.02330.o1680.0q9 0.0179

7=90

O.mB’f

0.02’18

.0?+5

.lW “ 0%7

0.2J+51

.2395

.U05

.-

.02s3

16
.

1
17

18 0.0307

19 .*

‘a .13*

a .0872

22 .*1

m .0334

.
b

.Cez .qml “.X -.0352 -.0577J.0377.W7 tin ..mm ..m m J.1%6 ..2335

.Cm .0393 .CmJ .Cg62 .CM6 .cA46 .Om .ctA3 .&e .- .X+9 .2Q93.@

T-w .

*

E9

E6arm o.21600.5456o.m33 0.WJ7

T.zJi”

27

28

T-xO

.
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m.212II.-Cultlm-1

mK2PIMmi~wMcmhm2n urElAPIAuIm212mc2

2Nm3A20fJmcF12m02m2

U.!!IKf TAPxKmL 30L

(I&Mityd tankmak, 63.4llfcuft)

m
~ Ph attice~-

* 2g30 31 32333433 %3-I 38 39404142

T-ho

1 o.c@8 O.cfa-lo.03eJ0.03930.C.W.20.C553O.* o.@67 O.am

2 .axo .m7f -- .- .=* .- --1 -- -- o-w 0-- O-fJm 0.-

3 -.CCQ2.- .cd9 ma? .0132 .Ola .0132 .Cm?6 .0154 .0132 .019i -0132 .0132

T- 6-

k O.oln O.ow O.C&% 0.0s92o-la o-cab 0.CU27

s .Ollg .CW3 .*39 .- -m .0910.Iz02O.owr O.om

6 .m .- .- .6 -m .~~ .~? .- .- 0-- 0-- o-m 0.U63

7 .0cG2 .U .01f4?.Cml .Ce55 .CGs? -mm ma .ma .CFA1 .0393 .&n -m

8 .03z? .Oug .0151 .O@ .Ce4-9m .aa .02En .C51a .0295 .m?g .03.% .Mt

9 sax .W .Olm .Oln .Ce2 .CG$3 -w .0271 .Om .0276 .0325 .Ct?Jkl.G363

10 --- .CceL .C@2 .0M6 .O1-m .Olm .OlyJ .0193 .W .Ols .@33 .& .-
,

T-P

11 0.0303O.oml O.II% o.nrl 0.Z=4 o-mm

12 -cam .&p .O&l .Ca93 .lm3 .lw 0.I.930O.zw 0.CU37

L3 .W52 .- -- -a% .0399 .*% .** .w8 .@ o.c@O 0s@3 0:0s93o.c@19

lk -.@3 .0109 .0152 .0=7 -an .Ce92 .C523 .= .0537 -W.5 -03>7 .-3 .~

.0312

.0167

-=5

-a%?.

.Olbk

.Lxw

.ock2I
.JMO O.m’r

-w -w

.*9 .@J.

.CM.8 .@6

.- .0396

.0ZL7 .W

.&* .Ci@l

.Cal .Cfm

.’=79 -ma

GJG
.X226

lam

.Cf=r

.UW5

d+8T

.0339

.&&

T.12°

T)L%m O.qo

.* -m
Jsm .W

.0739 -@%

.0619 .&#

.- .W

1
-C@ .O’m

.0377 --

.W= .05x

T-*

O.*3

.2taQ

-m

.W

.*

.0733

-W@

.WYr

1.41*

.37a

.07@

.O-@

.C477

-m

—

.*1

.1o17

.08rl

m%

.C9+5

.07=

-C@—

0. WI

.0%2

-053

.0s36

.05@

-C5Yr

I

1o.llh30.IM7 Owl.0917 .ml .W

.* .M-m .-

.@39 .09@ .-

.m=’r -ma -@z

-Ca3 .Catl .0555

A o.06p O.lm 0.- O.m 0.%72 o.o134

a .0359 -M35 .Uls .1782 - .s%3 o.@3 0.W7 0.49390.CX5M

ti .0237 .0725 .= .M7 .- .Va .lhq .147-7.l!%l .M16 O.rrlk0.1937O.m

T-$ho

w o.1o170A6 O.m 0.7% O.@ -o.cu!h

28 .*3 .lkig .* .@ .3U5 .* ok@ O.aa’r0.%78

$9 O.ll%TO.*87 0.5W? 0.6EI%0.6722o.cky2

30 .lck5 .2313 .* .37= .- .Za 0.6=3 o.7371Vzz$ ~.mn



E4vm?3A 2& AE21s’oFmADR12z

IANoL2-f zAm Mx12L301

(DSMityof- VUter,63A @CU rt)

.- -
Remum Pig ●t c?+fke number-

ml
.

434Lh3464748 49 50 I 51 3293953 %!57

T-40 I

1

2 O.cwt 0.cI%8 0.033.2o.c&9

3 .O@ .- .Om .O1-pO.ol’pO.* o.Cao O.a?% O.cae o-mm 0.037+0.W9 0.W8 10.W9O.ow?

T=6° I

●

✎

T-P

I.1

u?

* O.1.ojq O.ml .0.2032 O.lEM 0.CE+2

14 .CJH% .@06 .we ..0$39.CM.4o.Cw O.mdl o.m20 0.05630.05390.07U 0.- 0.Ec$ o.19~ O.*

—
15

1.6

17

ti

19

20

a

22

23—

).3233

.1734

.17J.9

.W3

.c578

.0683

).oal

-m
.2243

.I.mo

.Om

.O*

TD.33180.-.3%7 .CkY5

“1
Jo@

T-IN

T T 1
.2328 .X35 --*

.037’8.K* .*3 f%@ J.072aJ.0~ o.o$fNJ.W79 J.locoO.lw J.lsal0.2310 ..3013

.* .0752 .&f& .0836 .C@o .x .0975 .@7 .W7 .Us J736 .- .3~5

r-w I
24

a
26 o.2Tf3 o.39710.52s50.52930.mm
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27
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w ~.- Caltfn=.d.

PLR%~~mTAml!mnm BTEIAPIAli~--

IU~A2&AIIOIS O?EEAD2Z2S

LAm3mrTuK ImDEG3U

(Em8ity or w water, 65.k I.b/c. m)

I RsnmIre Piq at aeiflm ma!cr -
Lm

9 59 mala 63 ~ 63 a16-fl@ 69Pn 72

T-ho

1 -0.=93o-m o-~ O.ww o-m% O-@ o.@T~ 0.- O-*27 O.* O.@& o-- O.@=

2 .0n4 .O1.a ml.% .Olao .0180 .OM .O@ -e .- X69 — -*3

3 0.0W2 .— .- KKrp. .Cw3 ml-lo .O11o .* .Old .0126 -C@ .0159 .cuh3 -mm

T= @

k 0.U2 0.03% O.wd o-m% 0.0s93 0.07310.0s23 O.m o.~yj

5 .m .0%0 .* -m .mw .~39 .e .0769 .- O-w o-we o.ti9

6 .0063 .0162 .0259 S@ .a%5 -0572 -m .*56 -’$m m-l-r .- -e 0.-

‘f .CQ52 .OlcA .azll .Cah .* .0284? .Ca7 .W20 4352 .UvYi .dla? -au .05=

8 .f#3 .0U9 .O$?lo.a?n .0a33 .02% .=33’ .- .Cm3 .0377 .WR .- -*N

9 .Cmo .dl .Oln .C@rf .CG55 .cra9 .CE55 .* .0263 .C@7 -* .Ws .~

10 o.~ o.ca67-S@ S@ .o153 .W7 .o179 .~?3 .o179 -mm .=+-r .OM -a .= -e

r-y’

II o.cQm O.qia O.osp O.lcr-lao.15380.16090.- -o.m=-f

12 --- .*X .@7 -*5 .~ — -m .*55 O.* o.26@-o.oal

J.5 -.U1 .a?lo .*5 .C59g .dm .@k7 .Cml .C3’39.05il .0560 S&9 0.0679worn

L! O.qlw -.=7 .- -0253 -e X509 .- .m= .0530 .0363 -m9 .@l .- .*

T. 120

u 0.0+54O.* o.1436o.lLh9o.25al0.3363O.ma

M .’Z52Q-@-n .U% .W53 -~ .m39 .2s180.227LO.** ode-l

17 .03= .0722 .IMm .En .1507 .1775 .ml .*35 .3m3 .& OLaco

la .Olm .Cw6 -w .0723 .- .@’@ .- .@ .*5 .W7 .~o O-U* O.*91

19 -q .~ .&n .WA5 .0&4 -m .o-lk3.m3 .* -W7 -~ .~ -w

20 -SK@ .CQ$f3d+* .@ .0650 .@ -m’?= .- .*3 .- .W -m .fi

a .@ .03% -W57 -*7 -0737 .- .- .~ -* .Wn .= .= .~z

22 0.359 o.~ -.OMS .0151 .0501 .05>1 .Cm? .OscQ -ma? .0327 -w!= .CfLv .=5 -- -@m

23 X@ -w .=79 -@~ .- -6357 .@@ -- .m99 .- .W .’m= .@J-r -m

T. lLF

* 0.0790O.lml 0.24?90.3207o.42Tl0.6%0 O.um

a mm .ss1 .*n .lm .- -- .3W o-3m O.* 0.5236O.fslk

26 .C3@ .0752 -~5 -- .- -M-r -- -~w .lm -~ -W9 0-s 0-=32

T.*O

e 0.m O.#t* 0.3707o.k9190.6%2 0.M6 -0.WP

* .0766 -m -?3=-7 -*’I .3* .39-C -w 0-5769 o-n’= 0.0376

T.@

a o.1933 o.3m o-5- Osf+ 0.- 0.-

30 .1510 .a92 .9+03 -km’ .- .55b6 O.@& 0.7748 o.es26 0.0s27



TA2L2n.- CYmtimd

LAmx2YMIX Im2L 301

(un.aityoftankvatar,63.4lb/c.ft)
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TABIE IL. Cawlded.

.

“

.

.

(IhIlmity al tank Vatar, 63.4 lm/cu ft)

T=4°

1 0.o137 O.cua O.w>

2 -.cn16 o.o@ -.mll .03@ 0.C457

3 O.ckm O.*&i O.CMO O.* 0.-” -mu .0121 0.o154 -.cmJfJ .U .Olga o.@i2$

k 0.0303

5 .01k6

6 .-

7 .Wx

8 .05+3

9 .am

10 o.ceg30.0=9 0.- 0.- Own -.0232I
o.o146

.@%

-C@

-@’n

.0243

.U?

0.C925

.0707
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.a?22 0.0677-
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.- .M

.CcE2 .W5 O.*

.0322 J&?&l .0610

.m .Cen -cm
-.CC58 .019s .Cxa7 Os%ur-
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u Ok% 0.CGZ49 O.oms

12 .O1-rgo.2130 .Oug .3b35

13 .O@ .C#’f o.2Ceo .ol-F! .W6 o.1363

* 0.2?331O.lf!gs0.1072 -o.od19 -.C&3 .WS3 .C3* 0.W2.3 -.m .Wm .d+n o.22%

I0.2S12 o.3716

.33r2 -970Io-m -0-

-.c@i2

o-cm
-m*
.*8
.a39

--m

--mm

.0162

-.o1oo
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.*1

-m
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-@m

.0339

.ol~
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-.olm

.0M2

-.olm
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0.CCQ9
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-m@
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0.232?

.a?q
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.m
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0.-
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A MJ136 O.onk

2s .CMo 0.3373 X4@ o.321k
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TABm HI

PUREPIAltOfGPFtWSUREDATA0BTDKEO=APIANIW3

8URTACEHAVIMIA20QARGIEOP DEADR12E

NACATN 3477

AliDHoRm-m FLAm

LW31EXlMRK= 301-A

(Dwsityoftankwater, 63;4lbjc.ft)

T-4°

1 5.451.2.lbLB 1.340.O*O 0.0372---— 0.0161 ----- o.ol~ ------ O.ozq’ ------ o.02g8 1).g~

2 8.39 W.26 4.22 2.76 .IJJ.6 .02@ --— .aw ---–- .Oqi ----- 0.o129 ----- .0152 . clll~

I ,
3 3.IJ12.200.440.390.CM.8o.~o 0.C%550.0130o.c@+O.cqq13.@70.CK)18

4 5.28u.= .81 .57 .qo6 .08p .cj&2 . 04~o .Ogu . U?yj .CQ70 .* 1).@j%Jl).Oofl

5 9.50~.~ 2.441.57 .- .0551.0109.0169.0186.=25 .0263.0263.0263.03320.030s

6 1.4.611.2.205.063.19 .1* .ON .0106.ol~ .0148.ol~ .0201.- .&aq .@jo .@q
r

T=9°

7 9.54~.23 0.% 0.650.x2760.WJ7-----0.CW -—-- O.oml-----0.2626------0.OMg O.m

8 16.y512.~2A2 1.6g .2188.C@ 0.0260.cQgJj----- .q)~o.@f% .0442----- .0531.ml

9“=.65W.204.553.* .3446.0757------.OI.42------.0207------.0236---– .0278.0Z48

I T=~” I

10 8.3112.~ 0.450.35().I.I.I.2o.a~ 0.08270.2,W6 0.4.0130.021.10.0246CI.IXJ970.W3 cl.Oooo

U 13.6312.20.g2 .66 .1832.lggl .dug . C%69 .0856 .1142 .1606 .2(jl.4 .3220 .0277 o.(n59

M ~.~ la 17 2.39 1. 6g .32C4 . 1*1 . Olq .0338 .O’y24?.@44 .d@ .Q333 .L@ .0540.09+0

1338.13X2.2(34.883.28 .>E+I.lqjo .C@ ,al .c&W .@57 .0339.C@+ .O* .~m .&lo

‘T=@

14 13.12 12.17 0.51 0.39 o.1-j-@ O.** O.lmz? O.lglf! O.* 0.5* o.0y33 o.o@ 0.0252 O.om 0.0E6

1520.96IQ.20.98 .67 .2816.28~ .C@3 .1o39------.1585.20@ .2715.4446.3850.0546

1640.1312.2u2.641.74 .5352.2066.0319 .qq ------ . qll . o~ .*7 .0893.lcq .1~

I T=&” I

1717.C41.2.200.550.38O.e o.kM40.2.2820.23400.3761o.5~8O.- C).C12790.02370.02370.0167

1828.% 12.141.05 .72 .3872.3688.Om .1323.1646.201.2,&35 .2569.3898.4559.3293

I T = 28° -. I

1932.46U2.20L v O.p 0.43620.3793O.locg0.16440.20760.2549o.29ao.358a0.44300.57950.50%

T=3@ I
2018.B 1.2.200.500.35o.a180.5036o.1~ o.31200.49690.61OIo.2@ 0.03760.03480.02790.0223

2132.46M.261.06 .66 .4320.4075.lri7 .1862.2344.W1 .3351.4o82.5130.6103.~

.
.

—
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TAME.III.- canth~

Pm PIAlmm3PRwwRE I!ATACmAImO ~ A PIANING

SUFCFACEHAVYIJGA2fJ0MKiIEOPD2AD=

AITDHOKOZIWAL= PURE

IAKXEY TANKKXEL 301-A

(hnsity of tads water, 63.4 w/cu ft)

I Resewre p/q at orifice nunimr -

1 0.0835O.*

2 .Oul .ol* 0.0146O.olalO.olkoO.ola o.olh6O.oln o.ol’/yJ0.0Z22o.q5>l o.1~ O.cql

T=@

3

4

5 0.0330O.d+% O.* O.qna O.oil%0.0092-0.0018

6 .W .CQq .036 .- .e .~8 .W@ 0-- o-m5 o.m19 0.03310.03s6O.cka?

T=9°

7

8 i3.(j555O.rx& O.cfsg0.19230.41J.20.0419O.om 0.0170o.~

9 .02!2 .0289 .0313 .@@ .@n9 .0337 .0323 .0372 .(33*0.CA61Io.c4g60.0620O.cfjy?

T=12c’

10

u.

1.20.- 0.0853----— 0.1759o-m O.* O.m O.ml 0.0089

13 .C410 .ck~ —---- .!3517 .@Oo .Oym .C!xJ8 .* .,CZJ3 O.C&a O.&a O.O-@ o.0821

0T.la

l&

15 o.oti6 0.01L9

16 .Kxx5 .* 0-1522 0.M6 0-== o.- 0.4357 cL5~4 o-~19 o-w O.ola O.oc%

I
17

la o.ol@

T = 28°

19 0.03130.03130.ol~
I

7.300

20

ZL 0.05070.02760.0179

,



NACA TN 3477

TAWf III. - Ccdthu@

PL12BPIANRW PFm9mlE lMTAOBTAiliBDWITTiAPL4NIlW

2UHFAOEEAVIU3A20°AlW120PDELDR12E

ANDmRumrAL oEImFIARB

1.AMIE%TANKMOISL501-A

(hndty oftankvater,63.4D/cu ft)

Presewrep~q atorificenumber-
Run

23 24 I 25 26 27 28 29 30 31 32 33 * 35

T-k”

1 -0.Ooa 0.01430.01670.02% 0.0251O.ozq

2 0.0CA7 .0035 .0099 .0099 .0205 .Ow .CL129

T= .5- 1

6 i0.d72]0.075610.16770.0827 0.0201 0.01J18o.cd5

0.02540.07380.me 0.1.205

.Cqo .C441 .0629 .0870

.Owo .ole6 .0228 .Om

.0018 .01?7 .0201 .02%

0.03710.C@2

.lm .1*

.0300 .0324

.0260 .02a

1
10

I1

1.2

13II0.cs460.M63 o.m65

T=9°

O.omsI0.0365IO.coal-o.cm

I0.19000.30331o.4’qo0.0285
T=&

0.01.64o.oj58O.OVO 0.1022

.oo88[ .0336I------I .cmi’

-.cm+lI .0189I .029+I .03a5

III
0.cEJ+6o.titio.23& 0.3749

.Oyy .~ .1~ .&36

.- .CAcq .m53 .0720

.0036 .0321 .M.o .-

=-l-=-l
.0543[ .0555

.03h8I .0342]

==Fd
II

.17& .2337

.Wal .0764

.0571 .W@

fi O.lx% o.zm2 o.*O 0.4746

15 .@lo .W7 .16h9 .$!q-f

16 .0228 .07(32.0930 .1167

T=&”

17 O.@ O.am 0.41790.5M

18 .qn8 .@ .a’v%.2899

T-&”

O.6M.6 o.c@8

.~>1 .wo~

.1203 .1385

=1==
.3377 I .402s

19
I I I

O.* 0.ZL590.30230.35800.41790.48$8

T-y30

20 0.1*1 0.3761o.*61 0.70760.6617O.oal

21 .u-f .2W1 .3337 .3985 .W1 .5516

.

.

.
.

.

u

.
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PKm PIAIimGPRw5msMS!AOEUIKKO =APL!UiTli13

StEIFAOEH4KU?3A2& A?lMEOFEShDFfISX

IUKZEY !l!AtKm 301-A

(rerd+gofm water,63.4u#cuft)

I T-ka I
1 o.q5280.0370o.c4~ O.owg o.~ O.cq% 0.0191

2 .Oml .02u .olgg .ol~ .0m6 .O1.a .O1.mO.om o.c@280.02280.C@ o.ca6 0.0X4

T= @

3

4 0.06.5

5 .*U 0.C426O.** O.** 0.05640.07980.U64 O.lma o.@6

6 ..Oyx .qol .o~ .- -m am .03v .05~9 S@ o.@@ O.qsolO.qw o.q5s!

I 7=90 I

7 0.22270.0C88

8 ‘ .0667 .q’020.0767O.qgl 0.CS950.U27 O.l%g 0.27320.264200.OU.2

9 .d37 .&a .C437 .W25 .(IU9 .d66 .Cw+ .qm .WB .- 0.C5* o.m~ 0.(%38

I T==” I
10

u o.k~ o.O@

12 -m .*2 o.- o.w~ 0.H73 o.14570.1s7 0.337s0.4274O.CMO O.Cam

rJ .Oaa .’@’a .o~ .C@6 .m .- .0’767.0776 .W .0@8 .- O.m 0.0910

T-lr

a

G o.5e850.28700.-

ti .I.485.ls68 .ll%lo.l~q o.18* O.-1 o.21s8go.~ O.kw. O.*3 O.Mu. O.-1

T-ho

17

1.80.62200.76U o.o&2 o.oqJo

I T= 29 I
19 0.69230.7662o.a533O.- I 1 I I

T = 30°

20 O.oul

21 -75570.63300.0786o.cQ2cl



NACATN 3477

W III.- Ccmtinued

PuREPIAx’nwm2uRE DATA OBTAnmD WI!l!2APIAIVIW

SURFACE HAVllF3A 20°AXGLEOFDE&DIUSH

ANDHOIUZONI!4L- FIAF(E

1AJWLE% TANK MXIEL301-A

(Iknsi~oftankwater,63.4lb/cu&t)

Pressure p/q atorifice!lumber -
RuL

k91501511~2j531fi 1551561571~j591 &3161

r-k o
-..

1 -o.o@8 0.0C84

2 o.037k0.05320.06550.07020.01.29
[

-.0264 .IX58

I T-6° I

3 O.olm 0.0396

4 .O* .=

5 “ .Ww .01*

6 O.qa 0.04430.(%49 o.~~. 0.0732cJ.@l 0.1.6830.~ 0.cQ480.O#jq ..oo12 .01%6

T=9°

7 0. O12g o.du8

8 .Cd5 . Oln

9 0.C673 O.qgl o.@5 O.la 0. lgo’j’ o.181@ O.oo’p -.CC47 .ol~

T=l@

●

.

la 0.&g o.lo&

u .W268 .(&i%

12 .@m .03gl

13 0.09160.lm7 o.IJ.24o.~ci$?o.~ti 0.1~ 0.27650.35590.4103().cl= .0036 .I1283
.
.

T = 18°

* o.C&2 o.1.8os

15 .519 .12@

16 .0283 .0y50

T-24°

17 0.Ixxl 0.2661

la .067s .1~

7=2P

19 I O.lm 0.2298

‘r- 300

20 0.w36 0.3691

21 .U65 .-

.
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TABLE 111.- Continued

PLlmPIMnu3PRE91Ew DATA~WI’i5APIAlTIKG

EU’RMCEHAVIlUA20°ARGLSOPDEL0 RISE

AliD~c!miEFIAIE

LAWXEYTANKM)DEZ301-4.

(wn.dtyof tankvater,@.k m./cuft)

Resmre p/Q at orifice umber -
hm

62163164 ]65166]67 1681@170171~721 ~1~

T=4° 1

1 0.01430.0U510.CQ27O.azq 0.CL2*0.C@ c).@l 0.qj70 0.@70 O.** o.&2g 0.* & cj+~

2 .0388 .O@ .01-/’0.0140 .0170 .0140 .Olyi .ol~ .Olko .ol~ .0170 .Olw .Olgg

3 0.0543

4 .C470

5 .02&

6 .0M3

8

9—

—
10

11

12

13
—

16
—

0.0670

.0242

0.0$0

.c576

.oa7

.0201

o.16cQ

.K)17

.0551

.C410

0.08%

.Cl@

.W

o.a377

.131J.

.0640

.*91

o.c@4

.0723

.qdl

.0265

O.llqi

.@9

.*

T=@

o-m o.1o870.0283

.0752 .0317 .C8580.W6 o.u16

.03CA .0354 .OS .c416 .Ciw

.- .0283 .@’72 .~l .0313

0.2763

.IJ523

.0-(64

.05*

T-p

T=tiO

Io.olg5

.d150o.@30

.@@ -@%n0.0342o.c&5 O.om

-e .0342 .0342

.Ckil.CwolAwl .Cm31.05551
T.@

0.4206-o.m35

.lflm .* 0.27210.- O.O&x -

.08m .0%2 .0897 .0?77 .1031o.~ o.cfJ77o.lq37o.14g 0.*9

.* .0705 .e .@ .0731 .m .cf776.0776 .0838 .0847

o.2&cl O.*85 o.46~ 0.719s o.ti2

.1740 .* .2523 .2g7g .35& 0.4353 0.6C40 o.og17 -o.m~

.1o21 .- .U49 .1431 .1540 .1622 . 1~ .1787 .lal

-r.24~

17 0.3817 o.~1 0.6826 0.5001 o.13cfj6

18 .2MK1 .*1 .976 .- .47* O.m o.7163 0.7734 O.cam

T.& I
19 0.3037O.*1 o.43cho.h9170.* 0.6s86O.&y% o.p* o.o~

I I I

T=3@

20 o.51eQ 0.66-% 0.8260 0.2131 O.ccqo

21 .3473 .4151 .M26 .35-n . &81 o.# .o.&Jg8 O.XKKI 0.0124
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TABLE HI.- -**

PUREPIAMllVGPIWSL83XDA!CAOKWliED~ APIAHIM

2URFACEEAYD#2A 20°ANGIEOF DEADR12E

ANDHORIZJ3NZ4Lmm FIARE

IMGLEYTM?KWDEL 301-A

“(Dsnai@oftankwater,63.4lbjruft)

T-k”

1 0.CM3 O.ch% 0.0231-0.0036

.2 .0222 .0246 .ce28 .ml O.m O.oxh 0.034>0.0392o.d@ 0.cM2O.*5Oo.@@ 0.0339

T= 6’

3

b

5 o.c8& o.1o20o.1.lMO.m

6 .0354 .0365 .0354 .0360O.oyp “o.03&0.C419o.dl-43O.cmh 0.05850.d-n O.*9 O.*

I T-P I
7

8 0.16950.2242 0.2349 O.cuw

9 .0591 .0626 .0608 .0655o.ti910.06850.07320.08270.09800.U81 o.ti760.19070.1.31’1

TE~O

10

l-l

IQ 0.2+1430.37830.1928-o.CW3

13 .0%5 .0919 .CE@ .@6 0.09630.09SQ0.10260.m 0.LZL30.13200.lh72O.m 0,2337

T = 18°

IL

u

16 O.yl.hp0.47760.6326O.wx

T=&”

17

18 \

T u 28° —.

19 I I I I I ..

8

.
“



NACA TN $7’7

PUREPIMUWG mum M!rAomAImD wI!m APIAIin15

.

.

20FiFACEELkVIRGA20° AlS31EOPDWIRISE

AHDHomzamL cmiE FLARE

IARl= TAM KMEL 3-CL-A

(Dmsityoftankwak, 63.4~/cU ft)

,,.

.,
PressureF/q atCu5ficemmber-

b
88 I 89] 901911921931*/ 951*/97t*199pJ

T=4°

1 O.axa+0.0328 O.oo-p0.03100.0325

2 -o.ca.2 -.oo18 .0134Osxxa -.O&l dog .cts22

T=@

3 O.ow

4 .ou2

5 .@

6 0.1o390.u28 o.o# 0.0230O.m .0335

0.olk2

O.ccca .00%3 0.1.235

.@* 0.0132 -.ocd .dl’oo o.ldlJ+

.0236 .0354 0.Id+ .Ocm .0295 .c319 o.K&

T-go

.06Z30.3U5
I
.Wo .638 O.m

.0366 .0355o-m --m9 .Cka1 .W o.Iar’6

T.12’J—

10 O.* 0.0440

IL .C(.5-p 0.0530 .CE630.3280

12 .01x!4.08180.49 .W8g .ogl.60.2668

~ o.yY50o.4olko.03a .W62 .03E4 .@* o.32ca .m53 .CE5n .0%2 0.244.0

T-18°

& o-m 0. m
15 .C%olO.Tao .Ci5010.5260

L5 .@@ .lk?l0.3670 .0283 .15* O.*B

T=&’J

17
,

0.1351 0.1.21.2

18 .0760 0.6740 .a o.5e65

0
T=&

19 O.ti O.m O.m 0.6760

20

21

T=

0.1910

.Em

~o

0.1796

0.7656 .E8 O.nn
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TABLE Iv

PIJFfEPIANINOPRISSUREDATAOBTAINEDWITHA PLAXLNG

SURFACEHAVINQA 40° ~LE OF DEADRISE

1ANGLE%TAXKM3DEL302

(Densityof tankwater,63.4 lb/cu ft)

Pressure pjq at orificenumber-
Run CA ~ ~ +

c% %
1 2 3 4 5 6

T=90

0.0564 0.0234 0.0375

.@lo .0027 .m32

.0487 .Oooo .Omg

.&g-f -.0016 .W53

.d+% .0016 .od5

.0424 -.oql -.owj’

0.0224

.0180

.0165

.Ol$fj

.0066

1

2

3

4

5

6

4.26

8.31

9.16

9.37

9.37

L4.gl

x2.29

12.26

12.26

k2.23

I-2.32

12.23

1.2.20

12.20

12.20

u.23

1.00

2.17

2.50

2.52

2.50

4.70I
0.81 O.@f%

1.48 .1106

1.66 .1.21.8

1.67 .1252

1.65 .1234

2.& .1%

0.0245

.0197

.0137

.0121

.0162

.0cA4

o.c@9

.0191

.oI.48

.0132

.oti8

.om5

0.0213

.0169

.01.34

.Olek

.Ooa

I
7 3.58

8 6.39

9 13.63

10 &.15

T

U 6.30

w IL.16

13 15.$2

m 23.*

m 0.0945 0.01A4 0.0155T0.0138 0.-

.0646 .C&@

0.0C55

.0734

.021.5

.0022

0.oo11

.0304

.0221

.0022

.Om .0171 .0353

2.38 1.56 .1832 .0770 .0017 .0110 .01-p .0171

4.8813.111 .3230 .ti621-.0115/-.0055 .Cmol .Oooo
T = 18°

O.onl

.0229

.0097

.009-7

O.*9

.1531

.u278

.I_2%

0.0814

.@ll

.0280

.0262

0.44 o.oEk6

.69 .15CU

.94 .1&8

IA9 .3216

0.00s9

.0662

.0329

.03C4

12.20 0.pl

12.20 .,98

li.w” 1.43

I-!2.202.50

.

0.0938 0.U87

.cA38 .0523

.0331 .03%

0.0883

.0621

.dmo

.

T-&”

15 8.73 12.20

16 15.68 12.20

17 33.87 u2.23

0.52 0.40 0.KL74 0.2258

1.o1 ,67 .21CX$ .2085

2.46 1.52 .4528 .If!41

O.om

.0235

.OW4

O.wlo

.C%07

.0343

o.1.lh5

.0787

.&26

0.0069

.1021 0.1325

.0481 .qw9

0.1656

.0549

T = 30°
I
I10.31 E’.17 O.pl O.% 0.1392 0.2729 0.0929 0.1706 0.1900

—
0.c444-0.002818

19
,

.

19.60 12.14 1.(X2 .64 .2660 .2608 .0335I .0725 .0937 .1.227 .1478 0.1827

... ..
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TABLE Iv. - C!untimlea

PURE PIANm Pmuw DATA oB’lwNEuWIIIBA PLI$NE’+G

811KFACEHAVINGA 40° ANMZ OF DEADRISE

IAIwLEYTAN-KhKmKLl302

(wnsity of tankwater,63.4 n/cu ft)

Pressure p/q at orificenumber-
IJu

‘i’ 8 9 10 = = 13 Q 15 ~ 17’

TE90

1

2 o.@51 0.01640.0361O.dln 0.M5 0.03440.01J5 O.Odd+

3 .0197 .0246 .0257 .0328 .0366 .&% .q= .@gg o.o16gO.O&g

4 .0187 .@J1 .0242 .Om .0346 .0439 .G515 .@lo? .0159

5 .OZL6 .0254 .0276 .0341 .0368 .Wi3 .Cn41 .a= .0179 .O*

6 .cop .0126 .Ocpg .0104 .Oogg .0= .01.43.m= .0170 .o1650.Ow

r=~”

7

8 0.00%

9 .02320.03260.03310.03750.032U0.05J110.06750.07670.07180.ow5 0.007’

10 .0038 .m~ .w’7 .- .0396 .o~o .0132 .Owl .0159 .0154 .013:

T = 18°

u.

12 0.0041

13 .0767O.@l& O.*9 0.0012

IA .ti2 .M7 .m24 .05eo------O.ml 0.08000.08560.10630.32830.143!

T = 24°

15

I-6O.=87 O.O&l

17 .0618 .cb5590.0742o.@58 0.08790.05A80.10580.I-2220.1442o.1~1 o.1~

T = 30°

18

19 0.zL48o.11~ O.0000



w IV.- Continued

PURE PLAICUWPRESSUREDATA OBTAINEDWITEA PIANING

SLIRI’ACEHA- A 40° ANGIECF DEAIIRISE

L41WLEYwdw 14XIEL302

(Density of tank water, 63.4lb/cuft)

Pressure p/q at orificenumber-
lull-

18 19 20 21 22 23 2425 26 27 28 1

T=9° I

1 I

2

3

4

!3

6 0.0181o.olg20.022-40.03410.C4450.&72 0.02420.0360

r=~”

7

8

9

10 0.015.40.01810.ol~ 0.02580.03080.0357o.&ol 0.0533o.@4 0.06210.0ZL4

T - 18°

11

12

13

lk 0.0386

T = 24°

15

16

17 0.0563

T = 300

18

19

.

.

.

“



W IV.-Continued

PuREPrANIm P~ rwrAomAmED

SURl?ACEHAVIRlA40° ANKLEOF DEW RISE

MJGLEY TANK M3DEL302

(-i@ of tankwater,63.4 ~/CU f%)

Pressure p/q at orifice number
tun

29 30 31 32 zs * 35 36 37 38 39

I
1

2

3

k

5

6

II
7

8

9

10 -o.(YSL9

II
U

1.2

13

14

T=~

0.00330.02390.qpp 0.06260.07020.072s

-.cm6 .010$1.@50 .0186 .CA% .cA65

-.0038 .00!37 .03CX5 .0350 .0399 .0399

-.wkg .o~ .0285 .0324 .0379 .0379

-.002? .0097 .0319 .0352 .CAll .04u.

-.o11o .Ocm .0187 .0214 .0258 .0s7

T=~”

0.01440.(330 o@3s4 o.u38 0.(%690.0293

.0105 .0381 .0778 .W .loz!l .n24

.Oooo .0165 .&53 .0519 .-p .(Y3g6

-.0176-.cm2 .Cg51 .0269 .0319 .0319

T=ti”

0.03860.IX4 0.20840.18770.0083

.0235 .0745 .W .16% .19180.215A

.0110 .@ll .- .lcql .la~ .1363

.O110I .Wk[ .W21 .09381.1oo7I.1076

TT”_}0762 0 C419 o.oog2

.0508 .0552 .@go

.&32 .&65 .&g7

.dn8 .d+xl .*72

.0444 .&76 .0498

.0264 .02&J .02g7

.12dk .12700.0%7

.0618 .0679 .O-C54

.03J+61.03681.03@j

L242g 0.13520.0C55

.1521 .16g2 .1896

.U8 .=87 .1283

T=%”

15 o.rcL8o.1~ o.30910.2&3 o.0E5

ti .0373 .U04 .2(Y31.2305 .27190.31330.3478 o.22glO.cda

17 .0233 .0755 .I.277.1456 .1525 .1621 .1703 .17gg .lea?

T = 300

18 O.loa 0.23440.40220.33980.03.66

19 .0628 .lyla .2636 .3026 .34720.3%6 0.4393 0.3877o.~1

39
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‘lwamIV.- Continued

PLFLEP~ PFWSSUREDATA OBTKM’EOWI!JIEA PLLNING

SURFACEHAYINGA 40° ANGLEW DEADRISE

LANGLEYTANKM3DEL302

(Density of tads water, 63.4 lb/cuft)

Pretmre piq at orfflcenumber-

m40 41 42 43 44 45 46 4748 ~495-o

T=9°

1

2 0.07870.03830.0131O.oop

3 .I%83 .0809 .@@ .03580.0U5

4 .0681 .0791 .0813 .05n .0099

5 .0693 .0906 .0828 .0601 .“OM4

6 .0368 .0368 .0418 .0445 .04340.04610.0544o.~70 o.@3130.0275o.~s

T=12°
—

7

8

9 0.10280.13330.12930.04470.0089

!0 .0i78 .0494 .0549 .0362 .03660.Q3710.06460.0791O.w O.tip o.~%

T=tiO

u

E

L30.0C49

w .16970.24010.27050.832 0.0138

rati”

L5

L6

L70.23680.37360.36260.0357

T = 30°

L8

L9

.

.
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TAME IV.- Continued

PUREPLANINGPRESSUREDATA OBZAINEOWI!rKA PLANmG

SURFACEHAVINGA 40° ANGIECSPH RISE

IAM31EYlMNKM3DEL302

(lknsityOf tankwater,63.4lb/cuft)

Pressure p/q at orifice number -
Run

~1 52 j3 54 55 56 57 58 59 60 61

1 0.- 0.0288

2 .CK?30 .0262

3 -.0C49 .CQ08

k -.axil .0187

5 -.0038 .0216

6 -.0121 .Ou!l

.0372 .0399

.0328 .0388

.0313 .0374

.0346 .04m

.0231].0269

O.oa

.0503

.&59

.@39

.cA71

-0335

1.0636

.0541

.cJ+87

.ch72

.&g

.0352

T=~O

7 0.OSLO 0.05080.07340.08610.09610.m38

8 .o116 .&91 .674 .O-l& .0911 .0983

9 .Oooo .0341 .0!42 .0608 .0691 .0729

10 0.0461o.~ -.o1.43.0165 .0313 .0379 .CW6 .C483

L
I.1

12

.13

lk

o.&28 o.uk5

I
.0359 .C@3

I .0243 .0755J_
~.15870.1877

.1339 .1573

.1o1o .W

.0s%6 .=32

T=24~

15 0.09380.19870.26360.3133

16/ I ] .07cL4.1559].20701.2456

17 .oy22 .ll~ .1580 .1772

.17*

.1339

.l.?36

L2415

.ti36

.1339

0.3629o.4ti8

.2746 .3050

.l$&2 .2074

0.0658

.0569

.0519

.WA

.05?3

.0374

~.@5

.06=

.0552

.0533

.0563

.03901
0.0713

.0651

.059

.Wn

.0601

.041.8

m0.10820.u81 0.I.281

.1032 .IxLo .-

.@% .CaL7 .0861

.Oy_l .0549 .0577

Q.2746

.2167

.1570

.l.k35

0.3809

.3367

.2198

.2346

.l’@

.1463

l.mal

.3726

.2321

I
.O.(mh

.?539

.-

.1546

1

0.4154

--l.2k17

T = 30°

1.8 0.15120.28990.37870.44% o.5=5 O.@Cm 0.0055

19 .@35 .22~ .2$k2 .3430 .3&7 .41E!A.46020.5160 0.5TL7
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TABLEIv.- continued

PUREPIANINGP-U2E DATAOBTAIITED_ A PIANIN3

SURYACEHAVINGA 40° ANCXEOF DEADRISE

IANGLEYTANKhKK)EL302

(Densityof tankwater,63.4lb/cuft)

Pressure p/q at orificenumber-
tun

62 63 64 65 66 67 68 69 70 71 72

T=9°

1 0.07180.07340.07450.07720.08270.0180

2 .672 .0694.0716.0749.0787.08040.0!3200.08360.08470.Q570.-

3 .0596.0618.0634.672 .0700.0705.0722.0738.0738.07a .0782

b .0577.E99 .0615.0659.0681.0698.0709.0725.0731.0753.0769

5 .06(% .0528.0650.(%82 .0709.0714.0720..0736 .0742 .0758 .0779

6 .cA18 .ck28 .0!28 .d$50 .&72 .*72 ..0483 .&& .dt% .Om3 .0522

T =’=“

7 0.06180.CK133

8 .u76 .12420.13030.13690.fi690.0000

9 .0916 .0940 .0966 .1020 .lo-p .1076

10 .0577 .0593 .W504 .ti2i .0654 .0659

T = 18°

U

E 0.2746o.3m5 0.0055

13 .1947 .2093 .22390.24100.2@330.2702

14 .1656 .1684 .1739..M335 .1904 .1987

TTTr2.u37 0.u81 0.u98 0.12590.1363

.0659.0681.0581 .0709 .0731

T).0000
8 [

.21390.22631J.23320.24700.2843

—

15

16 0.47060.07&

17 .2yxl .2%% 0.2fi70.2843o.@+ 0.31320.32960.34890.37500.40520.4903

T = 3o”

18

19 0.6554O.oulk

.

.
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PUREPIANING

SURFACE

TABLEIT. - continued

PMS8URX DNIUOBTAIKEOWG3APLMTHG

HAKDK3A 40° ANGG3OF DIMDRISE

IANGImmmhmEL 302

‘(Dmsity of tank water, 63.4@CU ft)

EceBsure p/q at orifice number -
Iurl

n w m 76 77 78 79 E+l 82 83

T=~

1

2 O.Owl o.08gjo.o@j 0.0082

3 .Om .07’71.~0787’ .Ow 0.0776cl.*1O -0.~

4 .0753 .0753 .07’6g.O@o .0797 .&39 -.0044

5 .Om .0779 .07* .0801 .0828 .0346 -.0016

6 .0527 .* .0560 .0577 .0599 .06= .06320.0648o.o@ o.0681o.~

T=~O

7

8

9 0.13860.I.4350.14790.0166

10 .0731 .0747 .0764 .O@O o.o@5 0.0802o.Cw18 0.08350.0846O.m O.lq

T=tiO

U

I-2

13

I-40.30080.3367O.odll

r = 24°

15

16

17 0.38730.CKY.35

T = 30°

1.8

19



NACA TN 3477

TABLEIV.- Continue&

PURE PIA?CD7GPRESSURE DATA OBTAINED KITE A PIANIIKJ

SIRFACEHAVINGA 40° AIWLEOF DEAD RISE

LANGLEY TANK WDEL 302

(Wnsity of tank water, 63.4lb/cu ft)

Pressure pjq at orif$ce number -
Run

84 85 86 87 m
I @ 90 91 92

1

2

3

4

5

6 0.0769 ,0.07gl ,0.0703
t
-o.IX)27

11

IQ

13

14 I

T=9°

7

8

9

10 0.12S0 0.1329 0.ti23 0.0533 -o.Oofi

T=ItiO

T=&”

15

16

17

T = 3o”

18

19

.

.

.

.

.

.
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TABLE IV.- Concluded

HIRE PIANING PRmWRE w OHCAINED WITH A PLMCtNG

SIJBI’ACEE4~ A 40° AN(XEW DEW FUSE

LANGLEYTANK htlDEL302

(WIMIW & tankwdeF, 63A lb/cuft]

Pressure p/q at orifice number -
Run

93 * 95 96 97 98
I

99 lm

T=9°

1 o.(KY76 -0.0022 0.659

2 .0Cx30 o.d163 -.0038 .0530 0.0792

3 -.0CY+9 .0377 0.0158 -.m~ .0465 .0721

4 -.0377 .0357 .0143 -.oti .C440 .O-p$l

5 .0038 .0390 .0168 --- .&n .Om

6 -.0132 .0198 .0324 0.0382 -.0159 .0308 .dw9 0.0725

T=~”

7 0.0276 “0.CK$5 0.05%

8 .0127 0.0563 .lx)& .lC&

9 .0011 .0530 0.0364 -.CK344 .- 0.1203

10 -.oti8 .0242 .M8 0.013.4 -.0176 .0423 -0593 0.1059

T = 18°

II o.c552 0.0317

E .0221 O.titi .0201 0.-o

13 .m .MO .0134 .1558

14 .@x3 .0897 o.ti~ .0w4 .1283 0.2346

T=&”

15 0.0814 0.0690

lx .0345 o.19&Y .&28 0.3464

17 .0151 .1360 0.3145 .02= .1689 0.3750

T= 300

2.3 0.M21 o.1o82

19 .0586 0.3698 .0753 0.46u2
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TABIEv

PIR2PL4Mm PmS2uPwrwMOEMmxo HI!c3APLAKU$3

SJFWJ222AVTN0A 40° A!WLECF W RISE

MD 20R120NTM mm

IAKOM lAIK KWELZ-A

(Densi@ of tank water, 63.klb/tuft)

.

.

Presdre p/q atcmifica number-
hul

~m ~CA 0$? ~ b ~ %
1 2 3 4

I 5 6 7 8 9

I
1 6.7I.

2 U.’@

3 12.78

k 17.89

5 a.%

O.om O.&@

.01.1%

.-

.W5

.W9

T=~

o.o~

.0377

.0392

.0269

.0210

O.lw

.W6

.04a

.mol

.CQ32mo.2120 o.C@+ 0.0?43 O.m

.&W. .d+6J5 .cA61 .IwSS

.C423 .*6$ .Cw+ .gyl

.Oyn .~ll .C@l .0373

.0248 .0248 .OZU .m& I
>.019 O.mo

.wr7 .0616

.W@f .9

.0352 .OJ*

.CQe2 .0276
—.

12.20

12.17

u?.~

lam

U?.20

2.32 1.45 .L726

2.27 1.% .l’px .0752

3.77 2.34 .W4 .0638

.@* - —
r-14

,—
6

‘1

8

9

10

xl

1.2

u

14

15—

3.1371

.1413

.1372

.IrM

.I.lo-f

.I-073

.1063

.Uol

.W9

.0890

b.o14~

.07i4

.-

.03%

.*

.mo

.&@

.@*

.C591

.0337

Loo16

.O*

.0344

.C624

.0651

.0$8

.C6y

.0658

.M?

.CMa

0.43

.62

.60

l.yy

1.g2

1.52

1.58

1.53

1.36

3.08—

LO*

.1328

.1290

.2650

.2634

.2618

.2680

.264%

.2638

.44%

).W

.1933

.1995

.W82

.C@+

.C4ea

.623

.c556

.W37

.0331

LO’M
.3088

.yml

.*

.0!346

.~8

.0598

.W%

.~l

.0548

0.0338

.0301

.C628

.0658

.C@3

.*

.0%8

X697

.039?

5.64

9.69

9.69

19.60

19.6Q

8.61

11..oa

u.. 08

30.67

31.44

l.lw

.*51

.CiWg

.0168

.ol~

.0138

.CU87

.0186

.0226

.0361 i

).1797 o.d+*

.m .-

.0891 .ran

.O* .dkl

.&31 .C4n

.&cm .*5O

.0ke6 .W

.CMJ .mol

.Om .924

.0270 .03m

la=

12.08

E. 26

M?.ti

12.a

8.u

9.09

9.U!

s. 3

1.2.20

0.55

.94

.*

2.49

2.30

2.44

2.52

2.42

2.49

5.05—

1.0152

.ol@

.06.%

.06~

.

T- la”

16 9.27 E?.* O.* 0.% 0.1228 0.362 0.ti29 0.3349 0.2450 O.owl O.cw 0.0388 O.ola?

17 16.29 m 26 .98 .62 .2168 .223-2 .C&26 .u-lo .WE! .1931 .*5 .4270 .lw 0.0626 0.038s

18 =.86 1.2.201.64 1.q5 .@ .193s .*35 .Cfyjo .1o16 .IIL9 .lw .W9 .1596 .ms .221.8

19 %.81 12.26 2.6A 1.64 .4632 “.lny .QN.8 .0687 .07g3 .0&51 .C$q5 .C@l .1o16 .1o57 .m%

2fJ*.@ ~.23 2.571.62 .465$ .1812 .c286 .0637 .(7T36 .0&8 .08S3 .o&3 .0967 .1o33 .1s

= 34.85 =.23 2.6X 1.* .4658 .1764 .0280 .C6c4 .0736 .~ .0846 .Ciq4 .@s .1028 . Ml

T.i#+O

2? 1.2.4612.29 0.48 0.% o.*O O.*38 O.ws 0.=.2260.4738 O.m O.* o.og& 0.0347 O.ous

G 22.y3 12.26 1.02 .57 .* .$$45 .0810 .1507 .lEq6 .2235 .2WI .3813 .5310 .l@l 0.C423

T E Y)”
— —.

.

.

1.2.17o.k9 0.35 O.* o.42m o.1~1 o.@l 0.4770 o.@8 o.13* O.om O.qwo

12.20 l.~ .63 .3678 .3303 JC47 .w37 .=91 =@ .3517 .4146 .5590
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TA2?.Jlv.- continued

PmEPIAlmm ~EA!l!AoBmmsD HTm APLmmw

2oRvAc2EAvRu A40° M0120Fm D R122

AHDEmIzamLmIK2FIAm

ImxxY TARK hmm 302-A

(rmmity M tamkwater,6>.b 11.)cuft)

Ressura P/g at &w Uulr&r-
lull

10 II 32 v * 15 ~ 17 ~ 19 20 = 22

I
1

2 O.o-(gg

3 .m

4 .&v

5 .Qx9

—
6

‘i

8

9

10

u.

12

s

14

X3
—

ITl.ca~ o.og65 0.KL32 LIh13

.l~p

. 1~

.1363

.15433

.1453

.*W

1.3m

.-

.1*

.au

.W

.3U2

.031-9

T=lw

‘.m

.W

.0375

.16@

.C#lg

.ldfa

.C50+3

I0.0133 0.W33

.0u3 I

.-I .*3

.dwo I .ch36

o.@62

.cc&3

.c@8

.0333

.0241

.0325

.0546

).0262

.Om

.0189

.Ce61

.0148

.Om

.@$J1

IIo.cm 0.0767 0.L*1

.dm .Ch20 .C1332

l.od!o

.03e3,-.0740

T-&”

22

23 0.0287 0.0062

at

E5 0.0%3 o.m9 0.W07



NACA TN 3477

W V.- Cmtinued

PuREPLAKrm PRE2sm DATAORTUK20~APIM130

BORFACE2AVZUGAbO° AKG120F02A0 R182

Ai4DEoMmmhL-w

IAR31m TANKKmL 3024

(Msity of t.snkwater,63.k lb/cu@

Pmmure pjq at orificenumber-
Run

23 ~ a ~ V ~ 29 30 31 32 33 * 35
0r-g

1

2

3

b

9-—

—

6

7

8

9

10

11

12

13

w

0.0221 O.m

.Olg .0312

.0072 .-

.0031 .cQ18

o.l@3 O.&lb O.ozly O.oa .Cxmo .Oln

u ,J.09W o.lc65,J.1+3 ,J.1.54’r,J.1827 0.3009

- I@’

0.0363 0.1o11

.GZ63 .0738

.0273 m%

.W3 .0396

.Olxi .0397

.0338 .0338

.O1.12 .dm

.-3 .-

.0153 .d131

0.1871 o.dlJ+7 .CXJ28 .0254

I
0.C653 o.1~

.ti6 .LL48

.G?bg .0&9

.W5 .0667

.o165 .@&

.Cg51 .@

o.oe56

.W.6

.d+02

.qsol

.02M

l.lm

.W9

.lcu%

.034

.wJ+6

.C4’fs

.*2

.c556

.577

.0570

Lm16

.CM3

.d+64

.0363

.0298

L 1552

.1377

.u-m

.&+?8

.O@+o

.WJm

.OS%

.0649

.C670

#c447

1
O.alo 0.2655

.1.610 .a%~

.U40 .1568

.* .1o37

.0%6 .I.IMO

.@18 .X55

O.lq6

.0s49

.Cq!x

.C4ch

.@26

).U37

.1617

.1.629

.W

.Om

.!%62

.O’po

.0723

.0730

.-

o.ly58

.&p

.Lm

.I.183

.JJ21

.SL37

T. 240

Z2 O.loa o.&n 0.3492 0.3961 O.K=?

23 .=* .19L7 .- .*7 .3239

T-YY

24 Owl 0.3072 0.4364 0.P166 0.3791

25 .e .*2 .2871 .3345 .4167

.

.
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TAMS v.- Cmtinued

PuFi2PIAmlm PRE2UREI!A!ll~~A~

-AC2HAKUU Ak00=OFD2AD I(I22

AHomRIzumu cEInEPlAR2

IAtUEU ?i!ARK k!)% m-A

(mnsi@ & M water,63.k 111/cuft)

m1 0.lo32 0.0999 o.@Jo 0.0315

2 mm .@+9 .0699 .0727

3 .@57 .@% .@ .0722

b .wls .*56 .d+m .&g

5 .0342 .Qn .m$q .o~

6 o.cr2@ o.o126

7 .lW .lE%5

8 .Ifff8 .@

9 .W% .081-f

la .q62 .*9

u .m .07’88

u? .*7 .-

13 .OmJ -@s

lh .Om .08k9

15 .0319 .05w1
I.mq

.1262 O.@

.I18a .0230

.09n .@m

.* .0527

.0850 .Om

.0859 .@56

.* .@

.Ws .m5

.ml .~l

‘r-oo

I
3.olc5 o.c@l

.m$ .@i7

.079+.ti

.&* .C5M.

All+ .@31

1.o135

.O@

.097$

.0988

.G@

.0j52

.@@

.Um?

.0618

T-w

i

).W34

.m3

.lc47 o.l?@

.m .Em

.m .1588

.lc09 .lh$l

.W59 .1317

.lcE2 .lm

.O&o .O@

T=@

m).I.81J. 0.U82 O.ct?cg

M
.~l .- .Om

.M88 .W .U

.lm .1643 .qck

.lak .+ .@!

.lml .I.5ao .CJK5

.0789 .0789 .0?95

O.ow

.m

.0552

1.m

.0330

T).c&2.0168

.Coz6o.ock6

O.m

.G591

.0828] .09CKI,0.0%7

16 0.OIJ.2

17 .2910 0.3*2 0.2753 0.500 O.oq

18 .1* .1* .- .- .* 0.3358 0.0U4

19 .X262 .1365 .Ik36 .- .l~ .16&l .Z@ 0.3560 0.3570 0. 1%7 o.o@!

2U .Yaz5 . lxx? .1368 .1445 .~l.l .1621 .20EEj .% .5555 .@ .0176 0.o187

21 .- .1308 .1396 .%73 .- .* .2072 .3379 .3X6 .- .-

T-*Q

22 0.o143

as .m 0.W20 0.452Q 0.wj6 O.OICQ

T=3@

a o.02ho

25 k@? O.*93 cL57’5& 0.2643 O.olfl



TPBu v.- Continued

PUAEPIMCW3 PXESBUR2DA9X 02TMJX$0hl’l!HAPIAH3X0

EUiWACEEAWiO A 40° AM3LS OF DEAD R12E

AKDEORIKWIM CEINEFI.WE

IMGIEY TAWK KID2L302-A

(Densityof tankwater,63.k lb/c.ft)

Rensure p/g at orifim nmher -
am

49 50 51 52 53 9+ m“ 56 57 58 59 60 61
-.—

L
1

2

3

k 0.12@

5 .(WIO

—
6

7

8

9

10

u

12

u

14

15, .

1O.dln 0.0352

.O#s .IZ36

T
0.0972

T-go

o.ce72 o.II@ 0.0509

-.0006 .0327 .0327

.0021 .03w .-

.CiKlo .- .@@

0.0524 O.OIJ.O0.0011 -.* .02& .019

L
16

17

18

19

20

21

II.@

1.0359,J.0033

T-&’

I

0.CG20

.0186

.a?c!a

.0053

.W5

-.WO

.w6

.mw

.OI.E6

-.wa

o.@9

.*

.0628

.0U9

.&ti

.0573

.*U

.0371

.&*

.0’326

).024

.Cal

.0809

.&p

.0$64

.d+n

.05th

.M2

.m

.m~l

o.qu

.0516

.C505

.*25

.0348

).W

.0997

.1C06

.0670

.0668

.@%

.@

.C631

.0T36

.0530

uO.d@ 0.1338 O.lm

.C522 .1.208 .v18

.0373 .0933 .W

.0256 .~o .~

.Om .0758 .O@

mm+ .- .*

0.2093

.m3

.1493

.ll$m

I
O.0~ o.q78

.0577 . 05*

.C567 .@8

.cAs6 .CW

.LIa4 .0397

—.
).1088

.W9

.m93

.-

.q40

.0703

.qti

.07C5

.@

.0585

o.2@

.x56

.le+8

.5

.1308

.1319

O.U*

.12Y5

.I.xQ

.0785

.Om

.Om

.m7

.0761

.09+3

.0591

o.26&

.23*

.m5

.1385

.*3

.1407

T-&”

22 0.0919 0.21@ 0.2767’ 0.3461 o.3e& 0.4534

2’3 .q28 . lm .2276 .2778 .3136 .3454

T = 30°

24 0. 130J o.*1 O.BE@ 0.4708 0,3416 0.6345

25 .U61 .zM6 .3130 .3794 .UC@ .b706

.

.
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W V.- Ccmtlnu?d

PUREPixn3m~MTA~ =APIAKU+3

SUFlW22A~AhO°Al GIEOFDIL40 IKEE

Am2mrzCmmc21K2?IJm

IAIKmiYl!mKk$Jom3ce-A

(rmsitv of tank water, 63.4 @cu ft)

F-ressurepfuatOt-tiicenmbcr -
Fhm

62 63~65&67~ 69m\n 72173 *

—
1

2

3

4

5
—

O.om

.C@lh

.=9

.C!hge

.U@

O.w@

.*5

.Cwffo

.@

.Cf.@

6 o.llg2 0.M4

7 .- .-

8 .U55 .-

9 .fM9 .@w

10 .- S&@

U .G912 .0888

L? .0822 .0339

13 .0816 .0872

& .- .-Win

u .C@K1 .0%0

I16 o.2gg2 -o.oa

17 .atfl .2fM

I.q.zq .2177

x>.q@O.cqego.cr@

.W=r .O-m .m%

.- .W53 .W
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(a) $?=1.07; run 7.

Figure 5.- ~ical flat-plate pressure d$tributions; comparison with
theory. T = .

.
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Figure 7.- Typical flat-plate pressure distributio~j comyrison with
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Figure 7.- Concluded.
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Typical center-line and transverse pressure distributions
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Figure 10.- Continued.
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Figure 1-1.- !I@ical center-line and transverse pressure distributions
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(b] T=18”; $=0.98; run 12.

Figure 11.- Continued.
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Figure 16. - Effect of horizontal chine flare at various trims on trans-
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